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(very singular diffusion equation)
$u_{t}= div(\frac{\nabla u}{|\nabla u|}) , x\in R^{n}, t>0$
1
$u_{t}=$ $($ sgn $u_{x})_{x},$ $x\in R,$ $t>0$
$u_{t}=2\delta(u_{x})u_{xx}$
$u_{t}=\partial u/\partial t,$ $u_{x}=\partial u/\partial x,$ $\nabla u=(\partial_{x_{1}}u, \ldots, \partial_{x_{n}}u),$ $\partial_{x_{i}}u=\partial u/\partial x_{i}$
$u_{t}= div(\frac{\nabla u}{|\nabla u|})+qdiv(|\nabla u|\nabla u)$
$*$
(S) 21224001, (A) 24234015
1854 2013 33-56 33
[S]. $u=u(x, t)$ $x$
$q$
$E(u)= \int_{T^{2}}(|\nabla u|+\frac{q}{3}|\nabla u|^{3})dx$
$L^{2}$ $T^{2}$ 2 (
).
$u_{t}=- \Delta(div\frac{\nabla u}{|\nabla u|}+qdiv(|\nabla u|\nabla u))$ (1.1)
4 [S]. $E$ $H^{-1}$
$t$ $\Gamma_{t}$ ( )
$V=M(\vec{n})(\kappa_{\gamma}+\sigma)$ $(\Gamma_{t}$ $)$ (1.2)

















$\kappa_{\gamma}=-div_{\Gamma}(\nabla_{p}\gamma(\vec{n}))$ ( $\Gamma$ )
$\gamma$
$R^{3}$ 1 $\nabla_{p}\gamma$ $div_{\Gamma}$ $\Gamma$
[G06]. $\gamma$ $S^{2}$ $\gamma_{0}$
$\gamma_{0}>0$ $\gamma(p)=|p|$
$\kappa_{\gamma}$
$\vec{n}$ ( 2 )
$\kappa=-$ divr
$\gamma$ ( ) $C^{1}$ (2.3)
$\gamma$
$R^{n}$
Frank $\gamma=\{p\in R^{n}|\gamma(p)\leq 1\}$
$Wu1ff\gamma=\{x\in R^{n}|h(x)\leq 1\}=:W_{\gamma}$
$h(x)= \sup\{x\cdot p|p\in$ Frank $\gamma\}$







$-\triangle\sigma=0$ $($ $\Omega_{t})$ (2.1)







$V=M(\vec{n})(\kappa_{\gamma}+\sigma)$ $(\Gamma_{t}$ $)$ (2.3)







$\kappa_{\gamma}+\sigma=0$ (2.3) $\Gamma_{t}$ $\sigma$
(2.1)
1
$\sigma_{\infty}\in R,$ $\Omega_{0}$ $(2.1)-(2.5)$
2 $\gamma$ $\kappa_{\gamma}$
(
[ES] $)$ . $\gamma$ 2
Elliott-Deckelnik [DE]
1








[GR05]. ( ) $\sigma$
[GR05].





3 $\gamma$ $\gamma$ $M$
[L] [BGN3]






(ii) ( $\gamma$ $M$ ) ( )









3(1.2) ( (2.3)) $\gamma$
$M$
(A) Frank $\gamma$ $M$ $S^{1}$
$\sigma\in R$
Frank $\gamma$ $\vec{q}$ $\vec{n}=\vec{q}/|$
$\mathcal{N}$ $\mathcal{N}$ Frank $\gamma$ $\gamma_{0}$ $\mathcal{N}$
$\mathcal{N}$
$\gamma$
$\vec{n}\in \mathcal{N}$ $\vec{n}\in \mathcal{N}$






[GG12, Theorem 2.3]. $\Gamma_{t}$
3.1 ( ) [GG12, Theorem 2.4] $\gamma,$ $M,$ $\sigma$ (A)











$M$ “ “ ( )




“ ” $\Gamma_{0}$ $C$
$C=(1/\sigma)W_{\gamma}=\{x/\sigma|x\in W_{\gamma}\}$
$\partial C$ (1.2) ( )
3.2 ( ) (A) Frank $\gamma$ $k$
$\sigma>0$ $M$ (M)
$\Gamma_{0}$ $C$ $K_{0}$ $\{\Gamma_{t}\}_{t\geq 0}$ $\Gamma_{0}$
(1.2) to
$\Gamma_{s}$ $t>s(\geq t_{0})$
(i) $\Gamma_{0}$ $C$ $\Gamma_{t}$ $[t_{1}, t_{2}]\subset(0, T_{*})$
(ii) $\Gamma_{0}$ $M$ $\gamma$ ( $Z_{k}$ )
$\Gamma_{t}$ $\partial W_{\gamma}$ $[t_{1}, t_{2}]$ $t$
$\mu(t)$ $=\mu(t)\partial W_{\gamma}$




$(1/t)\Gamma_{t}arrow\sigma\partial W_{M} (tarrow\infty)$ (3.1)
39
[IPS]. $W_{M}$ $M$ Wulff





















$K_{0}$ ( ) (
) $\vec{m}_{1},$ $\ldots,\vec{m}_{r}\in S^{1}(r\geq 3)$ $S^{1}$
$\{\vec{m}_{j}\}_{j=1}^{r}$ $\mathcal{M}$ $S_{0}=\partial K_{0}$ $(4.1)$
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4.1 $m\in S^{1}$ $h>0$
$H(m, h)=\{x\in R^{2}|x\cdot m\leq h\}$
$S^{1}$ 2 $m_{1},$ $m_{2}$ $m_{1}\cdot m_{2}>0$ $S^{1}$ $m_{1},$ $m_{2}$
$n$ $h_{1},$ $h_{2}>0$
$H(m_{1}, h_{1})\cap H(m_{2}, h_{2})\subset H(n, h)$
$h \geq\frac{1}{\sin\varphi}(h_{1}\sin\varphi_{1}+h_{2}\sin\varphi_{2})$ (4.2)
$\varphi$ $m_{1},$ $m_{2}$ ( $m_{1}$ $m_{2}$
$<\pi),$
$\varphi_{l}$ $m_{l}$ $m$ $(l=1,2)$ . ( $\varphi_{1}+\varphi_{2}=\varphi$ )
$H(n, h)$ $H(m_{1}, h_{1})\cap H(m_{2}, h_{2})$ 1 (4.2)






$K_{0}= \bigcap_{j=1}^{r}H(\vec{m}_{j}, h_{j}^{0})$ (4.3)
$K_{0}$ $\mathcal{M}$
$K_{t}= \bigcap_{j=1}^{r}H(\vec{m}_{j}, h_{j}(t)), h_{j}(t)=h_{j}^{0}+M(\vec{m}_{j})\sigma t$ (4.4)
( ) $M$ $H(\vec{m}j, h_{j}(t))\cap H(\vec{m}j+1, h_{j+1}(t))$
$\mathcal{M}$ $\mathcal{M}$
4.1




$\varphi jj+1$ $m_{j},\vec{m}_{j+1}$ $\varphi_{j+1}$ $\vec{m}_{j+1}$
( ) ( $m_{r+1}=m_{1}$ )





(4.5) $M$ 1 $R^{2}$
$M$
$M(p)=|p|M(p/|p|_{1}^{\backslash }, p\neq 0$
$M$ Frank
Frank $M=\{x|M(x)\leq 1\}$
( $1/M$ ) (4.5)
4. $3$ $\mathcal{M}$ $M$








(B) $\mathcal{M}$ $\mathcal{N}$ $S^{1}$ $M$ $\mathcal{M}$ (4.5)
( Frank $M$ $M(\vec{m}_{j})\vec{m}_{j}(\vec{m}_{j}\in \mathcal{M})$
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( 4.3). $)$ $\mathcal{N}$
$K_{0}$ (4.3)
$V_{j}$ $\vec{m}_{j}$ (1.2)
$V_{i}=M( \vec{n}_{i})(\frac{-\Delta(\vec{n}_{i})}{L_{i}(t)}+\sigma) \vec{n}_{i}\in \mathcal{N}$ (4.6)





4.4 ( $\mathcal{Z}$ ) $S^{1}$ 2 $m_{1},$ $m_{2}$ $m_{1},$ $m_{2}$
( $\pi$ ) $C(m_{1}, m_{2})$ $C(m_{1}, m_{2})=\{x\in R^{2}|x=$
$\mu(\lambda m_{1}+(1-\lambda)m_{2}),$ $0\leq\lambda\leq 1,$ $\mu\geq 0\}$ $F$
$Fc(m_{1},m2)= CO(F\cap C(m_{1}, m_{2}))$





$\mathcal{Z}$ 2 $\pi$ $\mathcal{Z}$
4.5 $\mathcal{Z}$ $S^{1}$ $M_{Z}$
Frank $(M_{Z})=$ co (Frank $M;\mathcal{Z}$ )
1 $M_{Z}$ $M$ $\mathcal{Z}$ $M$
(B) ( $M_{\mathcal{M}}=M$ ) $\mathcal{N}(\subset \mathcal{M})$ $M_{\mathcal{N}}$
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(Frank $(M_{\mathcal{N}})=$ co (Frank $M;\mathcal{N})$ ). Frank $(M_{\mathcal{N}})$ $\pi$
$\mathcal{M}_{\mathcal{N}}$ ( $\mathcal{M}_{\mathcal{N}}\subset \mathcal{M}$ )
4.6 ( G) $M,$ $\mathcal{M},$ $\mathcal{N}$ (B) $K$
( ) $\mathcal{K}=\{\vec{m}_{1}, ,\vec{m}_{r}\}$










$\alpha,$ $\beta\in\{l+1, \cdots, l+\mu\}(\alpha<\beta)$ $\mathcal{M}_{i,\alpha_{\}}\beta}\subset \mathcal{K}$
$(\mathcal{N}$
$\vec{m}_{\alpha},\vec{m}_{\beta}\in \mathcal{K}$ $\mathcal{M}_{i,\alpha,\beta}\subset \mathcal{K}$
)




















$a= \sup_{S^{1}}M$ $S_{t}^{*}=\partial(z(t)C)$ (5.1)
$\dot{z}(t)=ab^{-1}(-1/z(t)+\sigma)$ (5.2)
$b=\gamma(\vec{n}_{i})$ , Frank $\gamma$
$z(t)>0$
$\delta>0$ $C_{\delta}=(1+\delta)C$ ( ) $s_{t}*$
$K_{t}^{*}$ (4.4)
$K_{t}^{*}= \bigcap_{i=1}^{k}\{H(\vec{n}_{i}, \lambda(t))|\vec{n}_{i}\in \mathcal{N}\}, \lambda(t)=z(t)b, z(O)=(1+\delta)/\sigma$
5.1 ( ) (A), (B), (C) $\sigma>0$ $C_{\delta}$
(1.2) $G_{t}^{*}$ $G_{t}^{*}\subset K_{t}^{*}$ $T>0$
45
$t\in[0, T]$ $\Gamma_{t}^{*}=\partial G_{t}^{*}$ $\vec{n}_{i^{-}}$
$d_{i}^{*}$
$G_{t}^{*}= \bigcap_{i=1}^{k}\{H(\vec{n}_{i}, d_{i}^{*}(t))|\vec{n}_{i}\in \mathcal{N}\}$
$d_{i}^{*}(t)\leq\lambda(t)$ $\lambda(t)=z(t)b$ $z(t)$ $z(O)=(1+\delta)/\sigma$
(5.2)
$\Gamma_{t}^{*}$ ( ) $\Gamma_{0}^{*}(=\partial C_{\delta})$
$\Gamma_{h}^{*}$ ( ) $\Gamma_{0}^{*}$ (1.2)
[GGu] $\Gamma_{t+h}^{*}$ $\Gamma_{t}^{*}$
$\Gamma_{t}^{*}$ $\kappa_{\gamma}+\sigma$ $\Gamma_{t}^{*}$ (5.1) (5.2)
[GGu] $\Gamma_{t}^{*}\subset K_{t}^{*}$ $d_{i}^{*}$
$\Gamma_{t}^{*}$
5.2 ( : ) (A), (B), (C) $\sigma>0$ $K_{0}$
$C$ $C_{\delta}$ $G$ $h_{1}^{0},$
$\cdots,$
$h_{r}^{0}$
$K_{0}= \bigcap_{j=1}^{r}\{H(\vec{m}_{j}, h_{j}^{0})|\vec{m}_{j}\in \mathcal{K}\}$
$K_{t}$ $K_{0}$ (1.2)
$K_{t}^{*}$ $T>0$ $t\in[0, T]$






$M,$ $\mathcal{M},$ $\mathcal{N}$ (A), (B), (C) $K$ $G$
$\vec{n}_{i}\in \mathcal{N}$ $\partial K$ $L_{i}$
$\vec{n}_{i}\in \mathcal{N}$
$\vec{p_{i}}=\frac{\vec{n}_{i}}{M(\vec{n}_{i})\{1-\frac{\Delta(\vec{n}_{i})}{L_{i}\sigma}\}}$
4.3 $l=l(i),$ $\mu=\mu(i)$ $\partial K$ $(F_{i})$
(a) $\mu(i)\geq 1$ : $\vec{p_{i}}$ $\vec{m}_{l+1}/M(\vec{m}_{l+1})$ $C(\vec{n}_{i},\vec{n}_{l+1})\cap$ Frank $M_{\mathcal{N}}$
$\vec{m}_{l+\mu}/M(m_{l+\mu})$ $\vec{p}_{i+1}$ $C(\vec{m}_{l+\mu},\vec{n}_{i+1})\cap$ Frank $M_{\mathcal{N}}$
(b) $\mu(i)=0$ : $\vec{p_{i}}$ $\vec{p_{i+1}}$ Frank $M_{\mathcal{N}}$
$\sigma$ $\leq\triangle(\vec{n}_{i})$ $L_{i+1}\sigma<\triangle(\vec{n}_{i+1})$
(a) $L_{i}\sigma\leq\triangle(\vec{n}_{i})$ $\vec{p_{i}}$ $\vec{m}_{l+l}/M(\vec{m}_{l+l})$
$\vec{m}_{l+1}/M(\vec{m}_{l+1})$ $L_{i+1}\sigma<\triangle(\vec{n}_{i+1})$
$\vec{p_{i+1}}$
(b) $L_{i}\sigma\leq\triangle(\vec{n}_{i})$ $L_{i+1}\sigma>\triangle(\vec{n}_{i+1})$ $\vec{p_{i}}$ $\vec{p_{i+1}}$
$\vec{p_{i+1}}$ $L_{i}\sigma>\triangle(\vec{n}_{i})$
$L_{i+1}\sigma\leq\triangle(\vec{n}_{i+1})$ $L_{i}\sigma\leq\triangle(\vec{n}_{i})$ $L_{i+1}\sigma\leq\triangle(\vec{n}_{i+1})$
5.3 (A), (B), (C) $K$ $G$
4.3 (i), (ii)
(i) $\{\vec{n}_{i}/M(\vec{n}_{i})|\vec{n}_{i}\in \mathcal{N}\}$ co(Frank $M$)
( $K$ )
$y\in\{1, \cdots, k\}$ $\mu(i)\geq 1$ $\vec{n}_{i}/M(\vec{n}_{i})$ $\vec{m}_{l+1}/M(\vec{m}_{l+1})$
$C(\vec{n}_{i},\vec{m}_{l+1})\cap$ Frank $(M_{\mathcal{N}})$ $\vec{m}_{l+\mu}/M(\vec{m}_{l+\mu})$ $\vec{n}_{i+1}/$
$M(\vec{n}_{i+1})$ $C(\vec{m}_{l+\mu},\vec{n}_{i+1})\cap$ Frank $(M_{\mathcal{N}})$ $(\mu(i)=0$
) $\partial K$ $(F_{i})$
(ii) $i=1,$ $\cdots,$ $k$ ( $K$ ) $(K_{i})$
47
$\mu(i)\geq 1$ $\{\lambda\vec{n}_{i}+\vec{m}_{l+1}/M(\vec{m}_{l+1})|\lambda>0\}$ $C(\vec{n}_{i},\vec{m}_{l+1})\cap$
Frank $(M_{\mathcal{N}})$ $\{\lambda\vec{n}_{i+1}+\vec{m}_{l+\mu}/M(\vec{m}_{\iota+\mu})|\lambda>0\}$
$C(\vec{m}_{l+\mu},\vec{n}_{i+1})\cap$ Frank $(M_{\mathcal{N}})$ $(\mu(i)=0$
)
$K\subset C_{\delta’}$ $i=1,$ $\cdots,$ $k$
$(F_{i})$ $M,$ $\gamma,$ $\mathcal{K}$ $\delta’>0$
5.3 (i) (ii) $K\subset C_{\delta’}$ $\delta’$
$L_{i}\sigma-\triangle(\vec{n}_{i})$
$\delta’$ $\mathcal{K}$
$\delta’$ $M$ $\gamma$ $M$ (Mj)
$(M_{i})$ $M$ $W_{i}$ Frank $M$ $C(\vec{n}_{i-1},\vec{n}_{i+1})$
$W_{i}=$ Frank $M\cap C(\vec{n}_{i-1},\vec{n}_{i+1})$ $W_{i}$
[GG01]
$f_{i}(x)= \sup\{y|x\vec{n}_{i}^{\perp}+y\vec{n}_{i}\in W_{i}\},$
$x\in$ dom $f_{i}=\{x|x\vec{n}_{i}^{\perp}+y\vec{n}_{i}\in W_{i}$ $y\in R$ $\}$
$(\vec{n}_{i}\cdot\vec{n}_{i+1}>0$ $)$
$\alpha_{i}\in(0, \pi/2)$
$f_{i}(x+h)-f_{i}(x)\geq-(\tan\alpha_{i})h,$ $h>0,$ $x>0,$ $x+h\in$ dom $f_{i},$
$f_{i}(x-h)-f_{i}(x)\geq-(\tan\alpha_{i})h,$ $h>0,$ $x<0,$ $x-h\in$ dom $f_{i}$
$i=1,$ $\cdots,$ $k$ $(M_{i})$ (M)
5.4 5.3 $M$ (M) $\alpha=\max\alpha_{i}$
$K$ $(K_{i})$ $i=1,$ $\cdots,$ $k$ $\alpha$ $($ $M$ $\gamma)$
$L^{*}$ $L^{*} \sigma>\max\triangle(\vec{n}_{i})$ $L<L^{*}$ $i=1,$ $\cdots,$ $k$
$(F_{i})$ $K\subset C_{\delta’}$ $i=1,$ $\cdots,$ $k$
$(F_{i})$ $M,$ $\gamma$ $\delta’$
5.3 $\delta’$ $\mathcal{K}$
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5.5 5.2 $\delta’>0$ $T>0$
$\delta\in(0, \delta_{1}]$
$K_{t}\subset K_{t}^{*}\subset C_{\delta’}$ for $t\in[0, T]$
$\delta_{1}\in(0, \delta’)$ $( \delta_{1} T \delta’ \delta_{1}=\delta_{1}(T, \delta’)$
)
$\lambda^{\delta}(t)$ $:=\lambda(t)=z(t)b$ $\delta>0$ $t>0$
$\lambda^{\delta}(T)=(1+\delta)b/\sigma$
$\delta$
$\delta_{1}$ $\delta\in(0, \delta_{1}]$ $t\in[0, T]$
$\lambda^{\delta}(t)\leq(1+\delta’)b/\sigma$
$\tilde{K}_{t}$ $t$ $(K_{i}),$ $(F_{i})(i=1, \cdots, k)$
$t$
5.6 (A), (B), (C) $M$ (M) $\delta’>0$
5.4 $\delta’>0$ $>0$ $\delta_{1}=\delta_{1}(T_{1}, \delta’)>0$
5.5 $K_{0}$ 5.2 (
$\delta<\delta_{1}$ ) $(K_{i})$ $i=1,$ $\cdots,$ $k$ $\Gamma_{t}=\partial K_{t}$
$t\in(0, T_{1}] K_{t} t\in[0, T_{1}] (5.3)$
$K_{0}$
$t_{0}= \inf\{t\in[0, T_{1})|\tilde{K}_{t}f$ $\}$
$t_{0}<$ $(K_{i})$ $t=t_{0}$ $G$
$t=t_{0}$ ( 4.7) [GGOI] $\tilde{K}_{t}\subset K_{t}^{*}(t\in[0, T_{1}])$
5.5 $\delta’$ ( 5.4) $K\sim$t $(F_{i})$ $i=1,$ $\cdots,$ $k$
$(F_{i})(i=1, \cdots, k)$ to















$\vec{m}_{t}=\vec{n}_{i},\vec{m}_{l’}=\vec{n}_{i+1}$ $\vec{m}_{l},\vec{m}\downarrow\prime\in \mathcal{M}$ ( $\vec{n}_{k+1}=\vec{n}_{1}$ )
$\vec{m}_{\iota\prime}$ $\in \mathcal{M}$ $\vec{m}_{j^{-}}$ $t\in(0, T_{1})$
$\partial K_{t}$ ( ) 4.1 $t$
$h_{j}(t)< \frac{1}{\sin\varphi}\{h_{l}(t)\sin\varphi_{lj}+h_{l’}(t)\sin(\varphi-\varphi\iota j)\}, \varphi=\frac{2\pi}{k}$
$\varphi_{lj}$




$K_{0}$ $C$ $h_{j}(O)\geq b/\sigma$ (5.4)
$h_{j}(t)\geq m\sigma t+b/\sigma.$
50
( 5.6 5.2 (5.3) )
$\lambda^{\delta}(t)>_{=,c}^{1}\{m\sigma t+\frac{b}{\sigma}\}=:\rho(t)$ (5.5)





$\delta\in(0, \delta_{2})$ $\partial K_{0}$
$t>0$ (5.5) $t\in[t^{\delta}, t^{\delta}+\tau]$
(5.6) (5.5) $\vec{m}_{j^{-}}$ $t^{\delta}$




$M^{\epsilon}$ Frank $(1/M(\vec{m}))\vec{m}$ , $\mathcal{M}^{\epsilon}$ (
) $(M_{i})$ $\alpha_{i}$ $\alpha_{i}$
$\alpha_{i}/2$ $M^{\epsilon}$ $\epsilon\in(0,1)$ $\alpha_{i}’=\alpha_{i}/2$ $(M_{i})$
$K_{0}^{\epsilon}$ $\epsilon$ $\mathcal{M}^{\epsilon}$




$(M_{i})$ $\epsilon$ $\alpha_{i}’$ $\delta’$ $\epsilon\in(0,1)$
$\epsilon$















[GGu] $\Gamma_{0}$ $(1+\delta)C$ $\delta$
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